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It has been hypothesized that variable stars may experience mass
loss, driven, a* least in part, by oscillations [1]. The olass of
stars we are discussing here are the 8§ Scuti variables. These are
variable stars with masses between about 1.2 and 2.25 He, lying on

or very near the main sequence. Aocoording to this theory, high
rotation rates enhance the rate of mass loss, so main sequeance stars
born in this mass range would have a range of mass loss rates,
depending on their 1initial rotation velocity and the amplitude of
the oscillations. The stars would evolve rapidly down the main se-
quence until {at about 1.25 He) a surface oonvection zone began to

form. The presence of this convective region would slow the rota-
tion, perhaps allnwing magnetio braking to ocour, and thus sharply
reduce the mass loss rate.

W) have oonstructed models and evolved them to reproduce the sun's
mass radius and luminosity, at approximately the mame time as the



standard age [2]. Our best fit was derived with models with an

initial mass of 2.0 M , and an initial nelium abundance of Y= 0,20
o
-8
to 0.22. Initial mass loss rates were on the order of 10 Mg/yr,

8
decreasing exponentially with an e-folding time of about < x 10
years.

~
The basic structure of our models was similar to the standard model.
However, in our models the core ls somewhat hotter and denser and
therefore more of the hydrogen has been exhausted. This results in
a votal lifetime for our models of about 10 percent less than for
the standard model. Because of the core conditions, the neutrino
flux 1s also slightly higher than in the standard model. The depth
of the convection zones in our models in somewhat deeper than in the

standard models (approximately 0.25 R compared to 0.20 R ). This
e e
struccure should result in improved agreement over the standard

model of the solar oscillation speoctrum with observations. A
detailed study of solar oscillations and calculations of the p-mode
spectrum for our models are planned (3].

Another consequence o the deeper oconvection zone is that the tem-
perature at the base of the zone is hot enough so that all of the

7
L1 in the surface layors will be destrcyed. Therefore the obaserved
lithium 1in the solar atmnsphere cannot be primordial and must have

been created by some other mechanism. We believe that it 1is ener-
getiocally feasible for solar flare and coronal spallation to acocount
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for the obhserved abundances of l.{ and Be in the sun and main se-
quence A-[' stars, and work i2 now underway on the details of the

process and the resulting abundances. (U].

The luminosity history of these moduls is obviously quite different
from the standard models. Instead of gradually inoreasing over bil-
lions of years, tne luminosity starts out much higher and drops



rapidly to about the current solar luminosity. This will obviously
have considerable effects on the early solar system [5]. The "faint
early sun paradox", where many solar syatem bodies including the
earth, suggest a more luminous sun in the past, is solved. These
models also provide an explanation for the gravitational locking of
Venus, since the gravitational tidal forces would have bren much
larger in the early epochs of the solar system. The large core
found in the planet Mercury can also be explained by the presence of
the much higher solar flux in the past, boiling off a large percent-
age of the planet's mantle. This provides a good constraint on the

2 M 1initial mass, because if the sun were initially much more mas-
)

sive, the entire planet would have been boiled away, and a
significantly less luminous early sun would not have stripped off as
much of Mercury's mantle.

This work has many interesting implications not only for the solar

system but for the galaxy as well. Recent determinations of the

IMF have suggested that their may be a "bump" at about 1 M [6].
e

Ob:tervations of clusters and binary stars reveal a paucity of 3atars
botween 1.2 and 2.3 M , coinciding with the & Scuti instability
6

region, and a definite gap at 2.0 to 2.3 K (see [7] and references
]

therein). These observations are nicely explained if some stars

formed with masses of 2 to 2.5 M evolve down the main sequence un-
)

til formation of a conveotive surface layer effectively halts the
mass loss.

Another consequence of this behavior is that the ages o tne oldest
oclusters In the galaxy ocannot be accurately determlned from the
cluster turnoff mass. An intrinsic uncertainty 1{is introduced {f
stars evolve down the main sequence since stars with the s.me masa
do not necessarily have the same age. The universe may well be
younger than the age determinations tased on the oldest clusters
lead us to believe.
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